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or more different compounds in a sample using aptamer bea 
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such as a protein, a steroid, or an inorganic molecule. NeW 
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NUCLEIC ACID-BASED DETECTION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of US. application Ser. 
No. 10/668,507, ?led on Sep. 23, 2003 noW abandoned, 
Which is a continuation of prior US. application Ser. No. 
09/569,960, ?led on May 12, 2000 now US. Pat. No. 6,680, 
377, Which claims the bene?t of prior US. provisional appli 
cation No. 60/174,398, ?led on Jan. 5, 2000, and prior US. 
provisional application No. 60/ 134,330, ?led on May 14, 
1999. The entire contents of each of these four prior applica 
tions are incorporated herein by reference. 

FIELD OF THE INVENTION 

The invention relates to compositions, systems, and meth 
ods for detecting molecular species using nucleic acids. 

BACKGROUND OF THE INVENTION 

Various types of systems have been used to detect the 
presence of a particular chemical or molecule in a complex 
sample. For example, antibodies are used to detect the pres 
ence of a protein in a sample, and DNA microarray chips have 
been used to identify genes and study gene expression. Most 
existing molecular detection systems are designed to detect 
the presence of a single type or single category of target 
molecule. In the case of antibody detection, existing systems 
are typically limited to detecting only a subset of a type of 
molecule. 

Recently, it has been shoWn that RNA and DNA aptamers 
can substitute for monoclonal antibodies in various applica 
tions (Jayasena, “Aptamers: an emerging class of molecules 
that rival antibodies in diagnostics.” Clin. Chem., 45(9): 1 628 
50, 1999; Morris et al., “High af?nity ligands from in vitro 
selection: complex targets.” Proc. Natl. Acad. Sci., USA, 
95(6):2902-7, 1998). The relatively fast selection process of 
the speci?c aptamers and the inexpensive synthesis makes the 
aptamer useful alternatives for monoclonal antibodies. These 
nucleic acids can be easily synthesiZed, readily manipulated, 
and can be stored for over long time. These bene?ts make 
nucleic acids more attractive biotechnology tools than their 
counterpart of proteins, antibodies. Additionally these 
nucleic acid probes can also be labeled by radioisotope, 
biotin, or ?uorescent tags and can be used to detect targets 
under various conditions. An increasing number of DNA and 
RNA aptamers that recogniZe their non-nucleic acid targets 
has been developed by SELEX and has been characterized 
(Gold et al., “Diversity of Oligonucleotide Functions,” Annu. 
Rev. Biochem., 64:763-97.1995; Bacher & Ellington, 
“Nucleic Acid Selection as a Tool for Drug Discovery,” Drug 
Discovery Today, 3(6):265-273, 1998). 

SUMMARY OF THE INVENTION 

The invention relates to neW compositions, systems, and 
methods for simultaneously detecting the presence and quan 
tity of one or more different compounds in a sample using 
novel nucleic acid sensor molecules. Nucleic acids have pre 
viously been shoWn to be capable of speci?cally binding With 
high a?inity to non-nucleotide target molecules, such as pro 
teins, small organic molecules, or inorganic molecules. These 
nucleic acids are commonly referred to as aptamers. An 
aptamer can be either an RNA or a DNA composed of natu 
rally occurring or modi?ed nucleotides. 
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2 
In the neW compositions, standard aptamers are bioengi 

neered such that binding of a bioengineered aptamer to a 
target molecule causes a change in the conformation of the 
bioengineered aptamer. Furthermore, one or more reporter 
moieties or groups are included in the bioengineered aptam 
ers such that the change in bioengineered aptamer conforma 
tion results in a detectable change of a physical property of the 
reporter group (or the engineered aptamer itself). These 
bioengineered aptamers are referred to herein as aptamer 
beacons. 
Aptamer beacons having binding regions con?gured to 

bind to different target molecules can be used in various 
detection methods and systems. For example the neW aptamer 
beacons can be used in solution-based assays, or can be 
attached to a solid support, e.g., at different predetermined 
points in a one or tWo-dimensional array, for use in solid 
based assays. The aptamer beacons or aptamer beacon arrays 
are then exposed to the sample, such that target molecules in 
the sample bind to their respective aptamer beacons. The 
presence of bound target molecules can be detected by mea 
suring a change in a physical property of the aptamer beacon 
reporter group, e.g., by observing a change in ?uorescence 
ef?ciency of the aptamer beacon. 

To assist in analyZing the sample, the neW detection sys 
tems can include pattern recognition softWare. The softWare 
compares the target molecule binding pattern corresponding 
to the unknown sample With binding patterns corresponding 
to knoWn compounds. From these comparisons, the softWare 
can determine the composition of the sample, or deduce infor 
mation about the source of the sample. 
The systems can be used to detect the existence of charac 

teristic compounds, or “molecular ?ngerprints,” associated 
With certain chemicals or conditions. For example, the sys 
tems can be used for human drug testing by detecting the 
presence of metabolites of particular drugs. The systems can 
also be used to infer the existence of a disease (e.g., cancer) by 
detecting the presence of compounds associated With the 
disease state, or for pollution monitoring by detecting com 
pounds characteristic of the discharge of certain pollutants. 
Numerous other applications are also possible. 

In general, the invention features an aptamer beacon that 
binds to a non-nucleic acid target molecule and that includes 
an oligonucleotide including a loop portion, a ?rst segment, 
and a second segment complementary to the ?rst segment, 
Wherein the ?rst and second segments form a stem portion 
When hybridiZed together; a binding region formed by the 
oligonucleotide and con?gured to bind to the non-nucleic 
acid target molecule; a ?rst reporter moiety, e.g., a ?uoro 
phore, attached to the ?rst segment; and a second reporter 
moiety, e.g., a chemical quencher, attached to the second 
segment, Wherein the ?rst and second reporter moieties inter 
act to produce a detectable signal When the distance betWeen 
them is changed; Wherein binding of the target molecule to 
the binding region breaks base pair bonds in the stem portion, 
causing a change in conformation of the aptamer beacon that 
separates the ?rst and second segments, thereby altering the 
distance betWeen the ?rst and second reporter moieties, and 
producing a detectable signal. 
A conformational change in an aptamer beacon is an alter 

ation in the secondary and/or tertiary structure of the oligo 
nucleotide that makes up the aptamer beacon. A conforma 
tional change typically results in the addition and/or deletion 
of basepairing interactions in the betWeen alternate forms of 
the aptamer beacon. 

In these neW aptamer beacons, When the ?rst reporter moi 
ety is a ?uorophore and the second reporter moiety is a chemi 
cal quencher, the quencher quenches the ?uorophore When 
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the ?rst and second segments are hybridized together to form 
the stem portion, and Wherein binding of a target molecule to 
the binding region breaks base pair bonding in the stem por 
tion, causing the ?rst and second segments to separate and the 
?uorophore to separate from the chemical group, thereby 
ending the quenching and enabling the ?uorophore to emit 
detectable ?uorescence. 

In these aptamer beacons, the binding region can be located 
entirely or partially Within the loop portion, the stem portion, 
or at least partially in both. In addition, the ?rst and second 
reporter moieties can be an enZyme and a corresponding 
ligand, and the ?rst and second segments can include 4, 5, 6, 
or 7 nucleotides each. 

The invention also features an aptamer beacon that binds to 
a non-nucleic acid target molecule and that includes an oli 
gonucleotide including a ?rst segment, a second segment, and 
a third segment located betWeen the ?rst and second seg 
ments, Wherein the ?rst and second segments form a complex, 
e.g., a hybrid duplex or other secondary or tertiary structure, 
When the aptamer beacon is not bound to the target molecule; 
a binding region formed by the aptamer beacon When con 
tacting the target molecule; a ?rst reporter moiety attached to 
the ?rst segment; and a second reporter moiety attached to the 
second segment, Wherein the ?rst and second reporter moi 
eties interact to produce a detectable signal When the distance 
betWeen them is changed; Wherein binding of the target mol 
ecule to the binding region breaks base pair bonds in the 
complex causing a change in conformation of the aptamer 
beacon that alters the distance betWeen the ?rst and second 
reporter moieties, and producing a detectable signal. 

In these aptamer beacons, the ?rst reporter moiety can be 
an energy absorbing moiety and the second reporter moiety 
can be a ?uorescence emitting moiety, such that When the ?rst 
and second reporter moieties are in su?iciently close proxim 
ity, the absorbing moiety alloWs an energy transfer betWeen 
the moieties, thereby alloWing the emitting moiety to emit 
?uoresce; and Wherein binding of a target molecule to the 
binding region causes the ?rst and second segments to hybrid 
iZe together. 

In another aspect, the invention features a device for simul 
taneously detecting the presence of a plurality of different, 
non-nucleic acid target molecules in a sample. The devices 
include: a solid support; and a plurality of different aptamer 
beacons bound to the support, each aptamer beacon having a 
?rst end attached to the support, and a binding region that 
binds to a speci?c non-nucleic acid target molecule, Wherein 
the binding regions of different aptamer beacons bind to 
different target molecules. In these devices, the solid support 
can be a glass surface to Which the ?rst ends of the aptamer 
beacons are covalently bound. In addition, the solid support 
can be a planar surface, and the aptamer beacons can be 
distributed on the planar surface in a tWo-dimensional array. 
Spots of identical aptamer beacons can be located at different 
points in the tWo-dimensional array. 

The binding region of at least one of the aptamer beacons in 
the device can be con?gured to bind to a non-nucleic acid 
target molecule selected from the group consisting of a pro 
tein, a steroid, and an inorganic molecule. The aptamer bea 
cons can comprise RNA, DNA, modi?ed RNA, modi?ed 
RNA, or a combination thereof. In addition, each aptamer 
beacon can comprise a reporter group, such as a ?uorophore, 
for signaling binding of a target molecule to the binding 
region. 

The invention also features a method of detecting the pres 
ence or absence of one or more different target molecules in 
a sample, by obtaining a plurality of the neW aptamer bea 
cons; contacting the sample to the aptamer beacons, such that 
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4 
any target molecules in the sample can bind to corresponding 
binding regions of the aptamer beacons; and detecting the 
presence of target molecules bound to the aptamer beacons. 
The aptamer beacons can be in a liquid, or can be bound to a 
solid support, such as a particle or a plate. In some embodi 
ments, the aptamer beacons emit ?uorescent radiation When 
excited by evanescent Waves. 

In this method, different spots, each spot including a plu 
rality of identical aptamer beacons, can be distributed on the 
solid support in a predetermined array, and the method can 
further include comparing a ?uorescence pattern of the 
sample to knoWn ?uorescence patterns, e.g., With a computer 
program, disposed on a computer readable medium, that 
includes instructions for causing a processor to compare the 
?uorescence pattern of the sample to a library of knoWn 
?uorescence patterns; and select the combination of knoWn 
?uorescence patterns that most closely matches the ?uores 
cence pattern of the sample. 
The detecting step can also include detecting a change in 

the Raman emission frequencies of an aptamer beacon caused 
When a target molecule binds to the aptamer beacon. 

In another aspect, the invention features a computer pro 
gram, disposed on a computer-readable medium, for analyZ 
ing the output of an assay that determines the composition of 
a sample and deduces the presence or absence of knoWn 
abnormal conditions, the computer program including 
instructions for causing a processor to: compare the assay 
output, e.g., an image, to a library of knoWn outputs corre 
sponding to subjecting samples of knoWn composition to the 
assay; select a combination of knoWn outputs that most 
closely matches the assay outputs; compare any deviation 
betWeen the sample output and the combination of known 
outputs to a library of knoWn deviations, the knoWn devia 
tions being caused by knoWn abnormal conditions; and 
deduce the presence or absence of knoWn abnormal condi 
tions. For example, the knoWn abnormal conditions can 
include the presence of abnormal compounds in the sample, 
and the presence of normal compounds in abnormal quanti 
ties. 
The invention also features a method for analyZing the 

output of an assay that determines the composition of a 
sample and deduces the presence or absence of knoWn abnor 
mal conditions by comparing the assay output to a library of 
knoWn outputs corresponding to subjecting samples of 
knoWn composition to the assay; selecting a combination of 
knoWn outputs that most closely matches the assay outputs; 
comparing any deviation betWeen the sample output and the 
combination of knoWn outputs to a library of knoWn devia 
tions, the knoWn deviations being caused by knoWn abnormal 
conditions; and deducing the presence or absence of knoWn 
abnormal conditions. 

In yet another aspect, the invention features a device for 
detecting the presence of a target molecule in a sample. The 
device includes a solid support; and a plurality of different 
aptamer beacons bound to the support, each aptamer beacon 
having a ?rst end attached to the support, and a binding region 
that binds to a speci?c enantiomer of the target molecule, 
Wherein the binding regions of different aptamer beacons 
bind to different enantiomers of the target molecule. 

Furthermore, the invention includes a device for detecting 
the presence of a target in a sample. The device includes a 
solid support; and a plurality of different aptamer beacons 
bound to the support, each aptamer beacon having a ?rst end 
attached to the support, and a binding region that binds to a 
speci?c binding site of the target, Wherein the binding regions 
of different aptamer beacons bind to different binding sites. 
For example, the target can be an antigen, and the different 






























